Consumers today expect long shelf life of food products as well as good nutritive and sensory quality and safety. The objective of this study was to review available published researches related to maintenance of fresh red meat quality and safety using packing gases as food additives. Sensory quality and especially colour of meat are the most important indicators for freshness at the moment of purchasing. Recent advances in modifi ed atmosphere packing have focused on fi nding the best gas mixture that keep fresh meat initial colour, its stability, and shelf life of product, to minimize microorganisms growth, lipid oxidation and provide product safety. To fulfi ll these goals, food industry developed modern technology of using modifi ed atmosphere for food packaging.
Introduction
In the last decades human life style has changed in a variety as have our expectations. Therefore food industry has developed new modern technologies of packaging to satisfy consumers' demands. Most quality concepts are based on the individual expectations and consider nutritive and sensory food quality and safety and they are crucial to product acceptance and product development (Dransfi eld, 2005; Radetić et al., 2007) . Economically developed societies have undergone major changes in lifestyles and consumers eat more meals away from home, use food items that need minimal preparation, fresh-like properties, and of long shelf-life. Shelf-life is defi ned as the period of time a product can be stored without being sensory unacceptable or becoming a health risk (Koch et al., 2009) . In this defi nition are also included deteriorations due to chemical and microbial contamination.
Meat quality and safety
Food quality, safety and nutrition are strongly interrelated. Food safety became more and more actual, due to changing eating habits, changing of products, changing of the population and increased food infections (Vandendriessche, 2008; Grujić and Spaho, 2010) . Eating habits moved more and more from hours cooking to convenience, ready-to-eat products. This change in the market initiated new meat products and product presentation with demands for the cold chain.
Food safety systems must be implemented so to fulfi ll special standards and requirements for food products with acceptable quality level. Vacuum packaging and modifi ed atmosphere packaging (MAP) are recent innovations that have been gaining importance as preservation techniques to improve the shelf-life of meat and other foodstuffs (Farber et al., 2003) . In vacuum packaging, air is completely removed. MAP provides alterations of atmospheric gas concentrations in the pack. Controlled atmosphere packaging is also MAP, wherein the selected atmospheric concentration of gas is actively maintained throughout the storage period. Retention of meat colour is better in MAP than in vacuum packaging. Microbial profi les of MAP and vacuum packed meat do not differ signifi cantly (Narasimha and Sachindra, 2002) . MAP of meat offers several advantages for retaining the desirable market quality of products and it can be improved by coupling with hurdle technology and proper preservation systems. Active packaging is a signifi cant area of advancement of MAP technology to improve the safety of meat products and other foodstuffs important in human nutrition.
Quality of chill-stored fresh meat may be affected by colour change, lipid and protein oxidation and spoilage by microorganisms, but implementation of different standards can help in its protection ). Quality and acceptability of foodstuff consumer will judge by the sensory quality characteristics at the fi rst place. The fi ndings of McCarthy and Henson (2005) suggest that consumer perceptions of the risks associated with beef relate not only to concerns about health and safety. Also the fi nancial, psychological performance and social consequences impact on the choices made at the point-of purchase (Bruhn, 2005) .
Quality and safety of products packed in modifi ed atmosphere depend of the quality and hygiene of raw materials used for half prepared or prepared foodstuff, type of inert gas or mixture, the quality of equipment used for packaging and packaging materials. The objective of this study was to review available published researches related to maintenance of fresh red meat quality and safety using packing gases as food additives.
Packaging gases as food additives
In European Union and according to that in Bosnia and Herzegovina, use of food additives is subject of strict control and supervision. The Directive 89/107/EEC repealing in near future with Regulation (EC) No 1333/2008, applies on any substance used as food additives with the various functional categories and which are not normally consumed as a food in itself and not normally used as a characteristic ingredient of food, whether or not it has nutritive value, the intentional addition of which to food for a technological purpose in the manufacture, processing, preparation, treatment, packaging, transport or storage of such food results, or may be reasonably expected to result, in it or its by-products becoming directly or indirectly a component of such foods (Directive 89/107/EEC; Regulation (EC) No 1333/2008; Službeni glasnik BiH, 83/08a).
The Directive No 95/2/EC, is a specifi c Directive forming a part of the comprehensive Directive 89/107/EEC, and applies to packaging gas additive category, which are in group of additives other than colours and sweeteners. According to the Directives, packaging gases are defi ned as gases other than air, introduced into a container before, during or after the placing of a foodstuff in that container. The substances usually used as packaging gases are carbon dioxide E 290, argon E 938, helium E 939, nitrogen E 941, nitrous oxide E 942, oxygen E 948, hydrogen E 949, and may be added to all foodstuffs, with some exceptions, following the quantum satis principle (Directive 95/2/EC; Službeni glasnik BiH, 83/08b).
In order to ensure that consumers receive adequate information, it is necessary to provide compulsory indication for certain foodstuffs. If packaging gases are used in packaging of certain foodstuffs that should not be regarded as ingredients for the purposes and therefore should not be included in the list of ingredients on the label. However, consumers should be informed of the use of such gases in, as much as this information enables them to understand why the foodstuff they have purchased has a longer shelf life than similar products packaged differently. So, foodstuffs whose durability has been extended by means of packaging gases on label or package must include additional particular "Packaged in a protective atmosphere" (Grujić, 2005 ; Directive 2008/5/EC).
Predicting the shelf-life of chill-stored fresh meat is important for producers in order to ensure good nutritive and sensory quality, shelf-life and optimal and fl exible retail distribution. General models describing both the growth of microorganisms and shelf-life could be generated based on data from shelflife studies (Narasimha and Sachindra, 2002; Meinert et al., 2009 ). The models validated using shelf-life studies with various cuts collected at different commercial plants are very useful for predicting the shelf-life of chill-stored fresh meat both for research purposes, for daily use in the meat industry, for improvement of shelf-life along the distribution chain, for determining realistic use-by dates and for developing new packing concepts.
Packaging technology developed to reduce oxygen concentration surrounding the food product, today is known as Modifi ed Atmosphere Packaging (MAP). It could be qualifi ed as leading technology in maintenance of quality and safety of food products. Principle of method is relative simple, as normal atmosphere from the packaging is replaced by a gas mixture that is appropriate, suitable for packaging food in question. Modifi ed atmosphere packaging (MAP) is well-known as a method for extending the shelf life of a variety of foods, including fresh meat. Atmospheres usually combine oxygen (O 2 ), carbon dioxide (CO 2 ) and nitrogen (N 2 ) in different proportion to maintain the quality of fresh red meat, both from a microbiological and sensory point of view. MAP is most effective when used with refrigeration, because low temperature slows microbiological and other kinds of food products spoilage (Aksu et al., 2005; Lund et al., 2007; Djenane et al., 2009; Radetić et al., 2007) . MAP is a method used to protect food product of oxidation, especially fat and aromatic substance as foodstuff constituents (Parket al., 2008), increasing of shelf life, preservation of product quality, easy separation of sliced products, clear visible product, little or no need for chemical preservation, increased distribution area and reduced costs (Phillips, 1996) . Also, as disadvantages of MAP could be mentioned cost of gas packaging equipment, gases, packaging materials and analytical equipment, required temperature control, potential growth of food borne pathogens due to temperature abuse by retailers or consumers.
The substances common applied to fresh meat and meat products as packaging gases are oxygen (E 948), carbon dioxide (E 290), nitrogen (E 941) and carbon monoxide.
Oxygen (E 948)
Oxygen is perhaps the major factor determining the shelf-life of meat products. It is the essential gas being used metabolically by aerobic spoilage organisms (Narasimha and Sachindra, 2002) . Because consumers use meat colour as an indicator of wholesomeness, recent advances in MAP have focused on fi nding the correct blend of gases that maximizes initial colour, colour stability, and shelf life, while also minimizing microbial growth, lipid oxidation, and gaseous headspace. One of the major functions of oxygen in MAP of meat is to maintain myoglobin in its oxygenated form, oxymyglobin. It is responsible for the bright red colour, which most consumers associated with fresh red meat, but it can reduce the shelf-life of meat due to oxidative rancidity in certain oxygen-sensitive products and the growth of aerobic spoilage microfl ora. High-oxygen atmospheres with 80% O 2 promote pigment oxygenation, maintains redness during storage, so rancidity often develops while colour is still desirable (Mancini and Hunt, 2005 ). If ultra low-oxygen atmospheres is used, oxygen needs to be less than 1% for pork and less than 0.05% for beef (Mancini and Hunt, 2005; Brandon et al., 2009 ). The levels of 1-2% O 2 are too high. Ultra-low-oxygen atmospheres minimize lipid oxidation and aerobic microorganism growth.
The meat industry has adopted injection enhancement of fresh meat to help ensure a colour stability, more consistent, juicy, and tender product. The objective of Seyfert and co-workers (2004) study was beef round muscles MAP packaging. They fi nd that high partial pressures of oxygen, in the high-oxygen system, created a deep layer of oxymyoglobin on the meat surface, resulting in a very bright, more cherry-red appearance and stable colour even with extended display periods. The low-oxygen system requires much greater control to achieve success (Paulsen et al., 2006) . As oxidation to brown metmyoglobine is promoted under low partial pressure, fresh meat in low-oxygen MAP systems has longer storage life due to the carbon dioxide and an oxygen-free environment.
Storage in high-oxygen atmosphere cause decreased meat tenderness and reduced content of free protein compared to packaging without oxygen, showing that meat proteins are in fact oxidized when stored in high-oxygen atmospheres (Lund et al., 2009 ). Myosin was found to crosslink in meat stored only in highoxygen atmosphere, and these results indicate that the reduced tenderness of meat is caused by oxidative modifi cation of structural proteins. The selected antioxidant systems effectively inhibited lipid oxidation (Balev et al., 2010) . Assessing the aroma of beef steaks stored under different levels of O 2 in MAP, Resconi and co-workers (2009) fi nd that no signifi cant effect of the different concentration of O 2 was observed in sensory attributes, although values for rancid fl avour and lipid oxidation increased with storage time.
High levels of oxygen present in food packages may facilitate microbial growth and although oxygen sensitive foods can be packaged under MAP or vacuum conditions. Such techniques do not always facilitate the complete removal of oxygen, but O 2 absorbers applied to meat product packaging can prevent the growth of moulds, aerobic bacteria and oxidative damage of muscle pigments and fl avours to avoid discoloration (Coma, 2008) . Residual oxygen can be responsible for various degradation phenomena, so O 2scavenging technology may be used appropriately to remove residual O 2 after MAP or vacuum packaging.
Changes in the quality of a product on storage, the integrity of packages, and the effi ciency of operation of the packaging lines, may be determined by identifying the residual levels of oxygen in each pack (Fitzgerald et al., 2001). Conventional methods of assessing the oxygen content in packaged meat products and other food packages have been diffi cult, expensive, and normally require destruction of the package, so different kind of oxygen sensors development for commercial use and testing is required (Smiddy et al., 2002) .
Oxygen concentration increase from 20% to 70% in the packaging had positive infl uence on colour stability of microconfectioned parts of beef leg (Milijasevic et al., 2008) . That was probably due to formation of higher quantity of oxy-myoglobine in meat which was in proportion to higher oxygen concentration in the mixture of gases. Slices of beef packed in mixtures containing high percentage of carbon dioxide acquired unacceptable dark green colour due to formation of metmyoglobine. Samples packaged in gas mixtures with higher percentage of carbon dioxide showed lower pH values. That can be explained by dissolution of carbon dioxide in meat liquid phase and consequent formation of carbonic acid which leads to pH value decrease.
As factor infl uencing quality and stability of fresh meat and their products packed in MAP, pH must be considered. Extreme progress in pH during the conversion of muscle to meat infl uence the colour characteristics of red meat and provided the basis for two of the most well-known inferior meat quality grades, namely dark, fi rm and dry and pale, soft and exudative meat (Lindahl et al., 2006a; Lindahl et al., 2006b ). Higher pH protects myoglobin from heat denaturation, allowing the maintenance of red or pink colour of meat during and after cooking (Mancini and Hunt, 2005) Modifi ed atmosphere packaging with a high level of oxygen (70-80% O 2 and 20-30% CO 2 ) is increasingly used for retail packaging of fresh meat (Lund et al., 2009 ). The packaging method is advantageous as it preserves the bright red colour of fresh meat and reduces microbiological spoilage, but the high concentration of oxygen in the packaging atmosphere holds the risk for increased oxidation of both lipids and proteins. Protein oxidation of meat is associated with texture deterioration.
Carbon dioxide (E 290)
Carbon dioxide extends the shelf-life of perishable foods by retarding bacterial growth. CO2 increases both the lag phase and the generation time of spoilage organisms. CO2 is effective due to its ability to penetrate the bacterial membrane causing intra-cellular pH changes of greater magnitude than those resulting from similar external acidifi cation that can be effectively buffered by the organism (Narasimha and Sachindra, 2002) .
Modifi ed atmosphere packaging (MAP) has become more common and applied to different meat products (Santos et al., 2005) as it solved some disadvantages of vacuum packaging technique for foodstuffs. Use of vacuum or a gas mixture in packaging may inhibit the strictly aerobic microorganisms which cause spoilage of fresh meat, but this technology does not guarantee fresh colour appearance and stability during display.
Carbon dioxide has been proposed for meat MAP due to its ability to increase shelf life in meats stored at low temperatures by reducing microbial growth, especially when used at high concentration up to 100% CO 2 (Viana et al., 2005) . Carbon dioxide is the gas highly soluble in muscle and fat tissue (Jakobsen and Bertelsen, 2004) . The absorption of CO 2 is dependent on the moisture and fat content of the product. If product absorbs carbon dioxide, the internal volume of the package will be reduced, giving a vacuum package look known as ''pack collapse''. Also the dissolved CO 2 may reduce the capacity of meat to retain the water, producing by consequence liquids on the bottom of the packaging (Phillips, 1996; Lund et al., 2007) . The absorption capacity is related to biological factors, i.e., pH, water and fat content, but also to a large extent to the packaging and storage conditions, specifi cally CO 2 partial pressure, headspace to meat volume ratio and storage temperature. For meat preservation, CO 2 -generators are mainly used because of their inhibitory activity against a range of aerobic bacteria and fungi. For most applications in meat and poultry preservation, high CO 2 levels (10-80%) are desirable because high levels inhibit surface microbial growth and thereby extend shelf-life, because CO 2 is the only gas with a direct antimicrobial effect (Coma, 2008) .
Microbial effi cacy of carbon dioxide is reduced when associated with other gases, especially O 2 . Effi cacy of CO 2 depends on the microbial growth phase. The major disadvantage of high CO 2 concentrations in meat MAP is associated with a certain degree of darkening as a result of metmyoglobin formation, especially when low O 2 concentrations are present (Viana et al., 2005) . The gas combination typically used in beef MAP varies from 75 to 80 % of O 2 and 20 to 25 % of CO 2 (Resconi et al., 2009 ), but increasing package oxygen content to levels higher than 55 % may not provide additional benefi ts to colour deterioration, because a high oxygen level can promote rancidity, which could develop off-fl avours.
The choice of gas mixtures for MAP is infl uenced by the product sensitivity to oxygen and carbon dioxide, the colour stabilizing requirements and the microbiological fl ora capable of growing on the product. The presence of O 2 is very important in the storage of fresh meat as it maintains the meat pigment myoglobin in its oxygenated form, oxymyoglobin, which gives fresh meat its bright red colour, but it is not desirable in the gas mixtures for long term storage of pork (Martínez et al., 2005) . CO 2 is mainly responsible for the bacteriostatic effect on microorganisms in modifi ed atmospheres infl uenced by the concentration of CO 2 , the age and load of the initial bacterial population, the storage temperature and the type of product be- ing packaged. In aerobic systems, such as are used for meat display packs, atmospheres containing 20-30% CO 2 are used to prevent growth of aerobic spoilage bacteria. In anaerobic systems, used to extend the storage life before meat is prepared for display, atmospheres of 100% CO 2 may be used.
Nitrogen (E 941)
It is well known that the composition of modifi ed atmosphere systems (O 2 , N 2 and CO 2 ) can be an effective means to restrict and/or inhibit growth of aerobic spoilage organisms of perishable foods such as meat, fi sh and their products, as well as to sustain the visual quality of red meat. The three principal gases used in MAP are carbon dioxide (to inhibit bacteria and moulds), and oxygen (to prevent anaerobic growth), nitrogen as inert fi ller (to avoid oxidation of fats and pack collapse) ( Nitrogen is an inert gas with a low solubility in both water and fat. Its use in MAP is mainly to displace oxygen and it indirectly infl uences the shelf-life of perishable foods by retarding the growth of aerobic spoilage organisms. "Pack Collapse," which is common in MAP packs due to absorption of CO 2 into meat tissue, can be prevented by using nitrogen in combination with CO 2 as inert fi ller. Nitrogen has no antibacterial properties and does not affect meat colour. Modifi cation of atmosphere within the package by reducing the oxygen content and increasing the level of CO 2 and/or N 2 has been shown to signifi cantly extend the shelf-life of perishable foods at chill temperature. Combinations of gas mixtures have been tried for MAP of meat. Beef packaged in pure CO 2 and CO 2 /N 2 was found to retain excellent colour, microbiological quality, chemical composition, and sensory properties (Narasimha and Sachindra, 2002; Stetzer et al., 2007) . Many of these principles have been used for the development of new technologies or strategies to control either spoilage or food-borne outbreaks. Master packaging of meat in retail trays, over-wrapped with high O 2 permeable fi lm, in gas-impermeable bags back-pushed with carbon dioxide (CO 2 ) or nitrogen (N 2 ) has potential for providing such suffi cient storage life to facilitate centralized meat cutting and packaging operations.
Carbon monoxide
Food law in European Union and Bosnia and Herzegovina isn't including carbon monoxide on list of packaging gas additive category or for use as a component of aren't mixture in a MAP system (Directive 95/2/EC; Službeni glasnik BiH, 83/08b). Carbon monoxide (CO) has been very effective in maintaining the red colour in fresh meat due to the formation of carboxymyoglobin. CO has no effect on bacterial growth. However, due to its toxicity it has not been approved by regulatory agencies, except in EU in Norway (Narasimha and Sachindra, 2002). In USA, legal status of carbon monoxide is different. The Food and Drug Administration (FDA, 2004) has received the notice for scientifi c procedures for carbon monoxide use as a component of a modifi ed atmosphere packaging (MAP) system for case-ready fresh beef and pork. The level of CO in that MAP system is 0.4 percent. During storage in the MAP improve beef colour without masking spoilage. The other components of the MAP system are carbon dioxide (20-100 percent) and nitrogen (0-80 percent). The level of CO in this MAP system is 0.4 percent and other components of this MAP system are carbon dioxide (30 percent) and nitrogen (70 percent). This packaging system is used for packaging fresh cuts of muscle meat and ground meat to maintain wholesomeness, provide fl exibility in distribution, and reduce shrinkage of the meat. According to the scientifi c procedures FDA confi rms that carbon monoxide is GRAS for use as a component of a gas mixture in a MAP system as previously assigned. The most recently approved system in the US (FDA, 2004; Cornforth and Hunt, 2008) , allows the meat to be sold with carbon monoxide in the retail package atmosphere. The open date code established for products packed in the MAP system will not exceed 35 days following the date of packaging for intact muscle cuts and 28 days for ground beef.
Many consumers make purchase decision based on displayed colour and discriminate meat which is not red and bright Ballico et al., 2009 ). In fresh meat, myoglobin can exist in any of 4 redox states: deoxymyoglobin, oxymyoglobin, carboxymyoglobin, and metmyoglobin (Mancini & Hunt, 2005) . Understanding myoglobin chemistry has promoted central packaging of case-ready meat products, which can increase colour life via the use of both modifi ed atmosphere packaging and injectionenhancement technologies.
Meat colour can be preserved by the use of carbon monoxide (CO), so most meat researchers explain the formation of carboxymyoglobin simply by implicating deoxymyoglobin's strong affi nity for carbon monoxide and producing a stable bright red colour to the muscle (FDA, 2004; Madsen and Clausen, 2006; Cornforth and Hunt, 2008) . MAP with low concentrations of CO and high concentrations of CO 2 has been shown to improve beef and pork colour and other meat quality characteristics (Burrows and Brougher, 2007; Stetzer et al., 2007) . The stability of carboxymyoglobin, once the molecule is challenged with an oxygen-enriched atmosphere, could be a matter of molecular affi nity and the relative partial pressures of oxygen and carbon monoxide. This concept suggests that myoglobin may prefer to hold onto oxygen rather than carbon monoxide what is particularly important when packaging beef steaks in carbon monoxide. Extension of fresh meat shelf life could be achieved packaging it in modifi ed atmosphere containing 1% CO was employed which is a defi nite advantage for extending meat displaying shelf life (Viana et al., 2005) . MAP with 100% O 2 shows the lowest shelf-life extension with greater growth of aerobic microorganisms and meat discoloration after 20 days of storage. MAP with CO 2 or CO produced no additional antimicrobial effect compared to the vacuum packaging and meat colour was better preserved throughout storage.
To eliminate the disadvantages of commercial ultralow-oxygen MAP, carbon monoxide has been added to packages because of its high affi nity for myoglobin and its ability to form a bright-cherry red colour on the surface of beef. The objective of the Mancini and co-workers study (2009) was to assess the effects of lactate enhancement in combination with different packaging systems on beef steak colour and as result they fi nd that packaging steaks in CO did not counteract the darkening effects of lactate. Nevertheless, CO improved colour stability compared with high-oxygen packaging.
Addition of carbon monoxide at low levels counteracts undesirable colour changes associated with high levels of CO 2 (Martínez et al., 2005; Wilkinson et al., 2006) . Modifi ed atmosphere packaging with 0.4% CO is recommended for extended storage of fresh pork in a master-pack arrangement for the maintenance of a bright, pink-red fresh red meat colour. If care is taken to control product cleanliness at the time of packaging, MAP packaging with CO 2 and with or without CO can provide at least 8 weeks of spoilagefree refrigerated storage for retail-ready pork chops in a master-packaging system (Wilkinson et al., 2006) .
Modifi ed atmosphere packaging with carbon dioxide and oxygen is effective for prolonging shelflife of fresh meat, provides the advantage of enhancing meat colour facilitating the shipment of fresh product to distant markets. However, the use of CO in meat packaging should be approved by regulatory agencies due to safety considerations, and its use in modifi ed atmosphere for meat packing present no toxic hazard to consumers (Directive 89/107/EEC; Regulation (EC) No 1333/2008; Službeni glasnik BiH, 83/08a). 
Effect of modifi ed atmosphere packaging on fresh meat quality
Consumer research provides information essential for designing and evaluating quality of product (Bruhn, 2005; Grujić and Spaho, 2010) . The quality characteristics of meat products have been the subject of many research publications. Colour and fat content are mentioned most often where deterioration is related to loss of a bright red colour during display and modifi ed atmosphere has infl uence and help in control of the appearance of meat colour, oxidation of lipid and microbiological stability.
Meat colour
Meat colour is the greatest quality characteristic that determines whether or not raw meat or meat products will be purchased. Meat can exist in many colour shades, including red, purple and brown as well as yellow and green. As meat purchasing decisions are infl uenced by colour more than any other quality factor, consumers use discoloration as an indicator of freshness and wholesomeness of meat or meat products.
In their study Jakobsen and Bertelsen (2004) analysed meat from 15 different species and found that the sensory colour attributes were most important in describing differences between species. The study also gives information about sensory characteristics of meat from young and old animals of the same species, namely cattle and showed signifi cant differences in the sensory attributes colour and fl avour.
Myoglobin is a watersoluble sarcoplasmic protein that determines meat colour, although other heme proteins may play a role in beef, lamb, pork, and poultry meat colour. Myoglobin structure and function in the meat muscle depend on the meat's temperature, oxygen partial pressure, pH, muscle's reducing capacity, microbial growth. Binds oxygen, water or carbon monoxide to myoglobin affects the formation of: deoxymyoglobin with purplish-red or purplish-pink colour, typically associated with vacuum packaged product and muscle immediately after cutting; oxymyoglobin with bright cherry-red colour; carboxymyoglobin with stable bright red colour; or metmyoglobin with brown, unattractive colour (Mancini and Hunt, 2005 Modifi ed atmosphere packaging (MAP) is increasingly used for retail-ready meat packaging, as food producers are interested and support adding efforts in research to maintain attractive fresh appearance, for extending the shelf-life, quality and safety and increase the potential market (Viana et al., 2005; Santos et al., 2005; Djenane et al., 2009 ). Consumers associate a bright pink colour with meat freshness. Many experimental works should be undertaken to evaluate the microbiological, colour and sensory attributes of fresh meat packaged with different gas mixtures and stored at different temperature regimes (Brewer et al, 2006; Lindahl et al., 2006b; Hunt and Mancini, 2009) , also considering that specifi c colour change in meat depends on myoglobin content, oxidation, reducing and denaturation of myoglobin, oxygen availability, tissue pH, as well as chemical characteristics of muscle.
Lipid oxidation
Animal fats oxidation is considered to be important factor that affect fresh meat quality and safety. These fats provide nutritional values, essential fatty acids, and desirable sensory characteristics. However, excess intake of food fat is the cause of increased incidence of obesity, high blood pressure, and coronary heart diseases (Campo et al., 2006; Park et al., 2008) . The amount and composition of fats in meat vary depending on the location of meat cuts. Lipid oxidation during storage deteriorates food systems producing undesirable colour and fl avour. To reduce lipid oxidation, meats and meat products are stored under low temperature without oxygen and refrigerated temperatures, but product quality may still be diminished due to discoloration, lipid oxidation, and textural defects (Seyfert et al., 2004; Viana et al., 2005; Campo et al., 2006) .
Lipid oxidation is a major cause of deterioration in the quality of fresh meat and meat products as rancidity starts soon after the death of the animal and affects meat colour, taste, texture and nutrition value (Soares et al., 2009 ). Oxidation can occur in the stored triglycerides or in the phospholipids of the cell membrane. Metal ions and ascorbic acid may also function as prooxidants in meat in the presence of various factors such as light, abused temperature and oxygen. Fatty acids increase the unstable organic compounds content during autooxidation reactions and can initiate the meat lipid oxidation cycle (Campo et al., 2006; Soares et al., 2009 ). Cooked meat undergoes rapid deterioration due to tissue lipid oxidation. With increased consumption of pre-packaged raw meat and precooked convenience meat, control of oxidation has become increasingly important.
Food lipids oxidation is considered to be a risk factor for human health. The interest of researchers and consumers for the link between oxidation and health is now a topic of research and a number of metabolic disorders has been enrolled among the group of diseases directly or indirectly related with oxidation. Food scientists have been dealing with oxidation of lipids for a long time (Chizzolini et al., 1998) . Autooxidation of fats, known as rancidity, has been a quality problem which could seriously impair foods desirability. Some lipid oxidation products and a few cholesterol oxides in particular, are considered atherogenic agents and appear to have mutagenic, carcinogenic and cytotoxic properties.
Oxidation of lipid in meat products is affected by various factors, as length and type of storage, processing procedures (heating, mincing, and mixing) and additives used (Suman et al., 2005) . Cholesterol oxidation is faster in foods produced with a drying process and/or stored for some time (Chizzolini et al., 1998) . Interesting fi eld for future study remains the effect of natural antioxidants and interaction between sensory characteristics, toxic compounds, lipid oxidation and its products in food systems.
Microbiological stability of meat
Modifi ed atmosphere packaging (MAP) is well-known as a method for extending the shelf life of a variety of foods, including fresh meat. Atmospheres used combine oxygen (O 2 ), carbon dioxide (CO 2 ) to maintain the microbiological and sensorial quality of fresh red meat (Phillips, 1998 Microbial profi les of MAP and vacuum packed meat do not differ signifi cantly (Narasimha Rao and Sachindra, 2002) . The high temperature cooking during product processing eliminates the vegetative forms of microorganisms and only bacterial spores survive the treatment. Handling of the product during cool-ing, leads to post cooking contamination by other bacteria on the surface of the product (Vandendriessche, 2008; Santos et al., 2005) . Grinding of meat causes accelerated oxidation of myoglobin (Mb) and random homogenous distribution of any contaminating pathogenic bacteria (Suman et al., 2005; Del Nobile et al., 2009 ). Raw minced meat storage at low temperature and levels of CO 2 and O 2 in MAP affect growth of contaminants. The shelf life of ready-to-cook meatballs is limited by microbial spoilage as they can easily be contaminated by microorganisms from raw materials (ground beef and spices), equipments and employees (Ozturk et al., 2010) . Methods, treatments, processes, interventions and hurdles applied for pathogen control should be managed properly (Sofos, 2008) . Process control and management systems should be implemented on the basis of collaboration, cooperation and coordination among the various sectors involved in food production and processing.
Shelf-life of fresh meat and meat products
Throughout the supply chain for fresh meat and meat products, shelf-life is a crucial issue for all involved partners, also as an important economic factor which has strong commercial impact. On the market, economics concern the meat industry as well as retailers and the food service sector. They all need an effi cient system for logistics throughout the supply chain in order to minimize losses and damage to the product that might lead to lack of supply, recalls of products and other inconveniences with great economic consequences. Supermarkets and consumers ask for long shelf-life as well as good quality level throughout declared shelf-life period. This is a challenge to the meat industry as they have to optimize processes in order to achieve the best shelf-life ( ). The dominating parameters in determining the shelf-life of the particular product will depend on the specifi c product, the processing and storage conditions.
Meat colour life, as important sensory quality characteristic related to product acceptability, is determined by numerous factors. Product can be classifi ed as sensory acceptable but to contain an unacceptable number of pathogens which makes the product unacceptable for human consumption (Koch et al., 2009 ). The predominant reason for meat spoilage is microbial activity. Fresh sterile vacuum-packed meat could limit shelf-life by the activity of enzymes, but the meat becomes very bitter in taste. In ready-to-eat meat products the sensory shelf-life could depend of the microbial competition in the products, that why, slicing hygiene and storage temperature should be used as effi cient parameters.
Conclusion
Today consumer gives a great importance to nutritive and sensory quality, attractive appearance and safety of meat products. In modern business conditions the meat industry has changed from being production-driven to becoming consumer-led. According to that, MAP is widely used commercially as a way of increasing the shelf life of meat and maintaining a desirable bright red colour, as important quality attribute, and biological contaminants could be controlled, as critical point related to the safety of meat and meat products. The challenge for researchers and meat producers in future will be to deal with further consumer-oriented research and improvements related to the MAP combined with new methods of fresh meat colour stabilisation, maintenance of fresh meat odour, slow-down of oxidative reactions and extending meat shelf life by inhibition of spoilage bacteria growth.
